What is claimed is : 

1 , A method for depositing multiple metal layers a semiconductor substrate, 
comprising: 

contacting a semiconductor substrate with an electrolytic plating composition, the plating 
composition comprising a copper metal source and a second metal source distinct from copper; 

electrolytically depositing a first metal layer of popper on the semiconductor substrate at 
a first reduction potential; 

electrolytically depositing a second metal la/er on the semiconductor substrate at a 
second reduction potential distinct from the first reduction potential. 

2. The method of claim 1 whereii/the first metal layer is a substantially homogenous 
copper metal layer. 



3. The method of claim 1 wl/erein the second metal layer is a copper alloy. 



4. The method of claim V wherein the second metal layer comprises one or more of 
zinc, tantalum, beryllium, magnesium, nickel, titanium, tin, palladium, silver, and cadmium. 

5. The method of claim 1 wherein the second metal layer is a copper alloy that 
comprises one or more of zinc,ytantalum, beryllium, magnesium, nickel, titanium, tin, palladium, 
silver, and cadmium. 

6. The method j>f claim 1 wherein the first and second reduction potentials differ by 
at least about 0.2 V. 

7. The method of claim 1 wherein a plurality of first metal layer are deposited with a 
plurality of alternating second metal layers. 




8. The method of claim 1 wherein the first metal layer is effectively conductive and 
the second metal layer is substantially less conductive than the first layer. 
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9. The method of claim 1 wherein the first metal layer functions as an electrical 
\ /^circuit, and the second metal layer functions as an insulator layer. 

n/-y/ / 10. The method of claim 1 wherein the substrate is a lead of a semiconductor device, 
^ or an interconnect of a semiconductor device. 



z+k armethod for deposit ing nmlli pte- metal - layers on a pri n ter! circuit b p&rd su bstrate 

having circuitry thereon, comprising: 

contacting a printed circuit board substrate with an electrolytic plajkig composition, the 
plating composition comprising a copper metal source and a second njml source distinct from 
copper; 

electrolytically depositing a first metal layer of copper jtth the printed circuit board 
substrate at a first reduction potential; 

electrolytically depositing a second m£tal layer rfh the printed circuit board substrate at a 
second reduction potential distinct from theiirst reduction potential. 



12. The method of claiii 1 1 \#here 
homogenous copper metal layer. 



14. The method of $ 
zinc, tantalum, beryllium, : 



lain 



st metal layer is a substantially 



13. The method of claii a A 1 wherein the second metal layer is a copper alloy. 



1 1 wherejjrme second metal layer comprises one or more of 
i6kel, titanium, tin, palladium, silver, and cadmium. 



15. The metMod of claim 1 1 wherein the second metal layer is a copper alloy that 
comprises one or mop of zinc, tantalum, beryllium, magnesium, nickel, titanium, tin, palladium, 
silver, and cadmii 



16. /he method of claim 1 1 wherein the first and second reduction potentials differ 
bxatlea ct ab/ut 0.2 V , - 
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Vh. The method of claim 1 1 whcnJiLaplui ' Ulily uf fu st m e tal layer ore deposited with, 

a plurality of alternating second metal 



fers 



hei 



1 8. The method of claim 1 1 
the second metal layer is substantially less o 



eiiUhrtina m^tar layer is effectively conductive and 
fducti3^eina|n the first layer. 



19. The method of claimJ^^herHn-tiie first metal layer functions as an electrical 
circuit, and the second metaM^yer functions Is an insulator layer. 

20, ,TfiP mfthnd of claim 1 1 wherein q soldfr material i s deposited on the substr ate. 



21 . A method for depositing multiple metal/ayers on an electronic device substrate, 
comprising: 

contacting the electronic device substrate wfth an electrolytic plating composition, the 
plating composition comprising a first metal source and a second metal source distinct from the 
first metal; 

electrolytically depositing a layer of tj{e first metal layer on the substrate at a first 
reduction potential; 

electrolytically depositing a second metal layer on the substrate at a second reduction 
potential distinct from the first reduction potential. 




22. The method of claim 21 wherein the substrate is a semiconductor substrate. 

23. The method of claipi 21 wherein the substrate is a semiconductor package 
bstrate. 



24. The method of/claim 21 wherein the substrate is a multi-chip module, chip 
capicator, chip resistor, lead frame, or an opto-electronic device. 



25. The methoa of claim 21 wherein the first metal layer is a substantially 
homogenous tin metal layer. 
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26. The method of claim 21 wherein the second metal layer is a tin alloy. 

27. The method of claim 21 wherein the second metal layer comprises one or more of 
zinc, nickel, silver,antimony, bismuth, indium, cobalt, and copper. 

28. The method of claim 21 /wherein the first and second reduction potentials differ 
W at least about 0.2 V. 

/ 29. The method of clainy21 wherein a plurality of first metal layer are deposited with 
a plurality of alternating second mptal layers. 



:21 through 30 M 



30. The method of arty one of claims 21 through 30 wherein the first metal layer is 
effectively conductive and the /econd metal layer is substantially less conductive than the first 
layer. 

3 1 . The method ^f claim 21 wherein the first and second metal layers are deposited 
from a single plating bath. 



19 



